Games for health (G4H) aim to improve health outcomes and encourage behavior change. While existing theoretical frameworks describe features of both games and health interventions, there has been limited systematic investigation into how disciplinary and interdisciplinary stakeholders understand design features in G4H. We recruited 18 experts from the fields of game design, behavioral health, and games for health, and prompted them with 16 sample games. Applying methods including open card sorting and triading, we elicited themes and features (e.g., real-world interaction, game mechanics) around G4H. We found evidence of conceptual differences suggesting that a G4H perspective is not simply the sum of game and health perspectives. At the same time, we found evidence of convergence in stakeholder views, including areas where game experts provided insights about health and vice versa. We discuss how this work can be applied to provide conceptual tools, improve the G4H design process, and guide approaches to encoding G4H-related data for large-scale empirical analysis.
INTRODUCTION
Serious games-those designed for purposes beyond entertainment [14]-target a variety of topics from social issues [40] to higher-order science skills [29] , and health is a common and growing area of focus. Sawyer describes health as a field of interest for serious games due to its deep research history in training and simulation and the large market for technological advances within the field; in addition, there is a prevalence of games already geared towards physical fitness, opportunities for scientists, medical professionals, and patients each to benefit directly, and the possibility of health markers to be used in evaluating game outcomes [41] .
Growing evidence of the potential for games to produce positive health outcomes has led many in HCI and related fields to more closely examine the "active ingredients" of well-designed health games [7, 13, 24] . However, work on how specific game elements relate to health concepts has thus far been difficult to generalize, particularly in ways that serve both game designers and domain experts [11, 49] . These disciplinary and interdisciplinary stakeholders [20, 32] bring differing perspectives on the relevance of game features, how they instantiate health concepts, and even what counts as a feature in the first place. We therefore probed design phenomena surrounding G4H that can be understood only through collective perspectives, by enlisting experts with years of experience in game, G4H, or health intervention design. Through structured and semistructured prompts, we collected rich and detailed sets of responses to specific games and game concepts from these experts. We draw on these responses to characterize how game design and health concepts are expressed and realized in G4H and to identify corresponding design attributes. We thus make the following contributions:
(1) We distill evidence of convergence as well as conceptual differences in how different stakeholder groups discuss design-related themes and features of G4H. (2) We discuss how our research can be applied to provide conceptual tools and support interdisciplinary communication in the G4H design process.
help researchers understand why it is effective. This cannot be done without a foundational understanding of underlying game features.
Game and Health Frameworks
Many researchers have examined the current state of serious games in the health space through theoretical frameworks. The most prominent framework for health games, Sawyer and Smith's [42] taxonomy, categorizes games by their domain (personal, professional practice, research/academia, or public health -focused) and then by health activity (preventative, therapeutic, assessment, educational, or informatics). Mader et al. [34] further frame therapeutic games according to the three main foci of player, game, and therapy and the relationships between them. These frameworks provide important structural insights, such as helping identify areas where there is unexplored potential for G4H, but they do not extend to the level of specific game features. Conversely, game frameworks that are more specific regarding game features (e.g. [9] ) do not address the challenges of embodying health theories in play.
Behavior Change Theories
Other researchers have focused on the application of health and behavior change concepts within games and gamified applications. Behavior change theories have influenced both the design and evaluation of serious games, particularly those focusing on health promotion and illness management (e.g., tobacco prevention [22] , exercise [28] , nutrition [19] , physical therapy [39] , and medication adherence [44] ). Recent arguments against the application of purely cognitive models of behavior change (e.g., Transtheoretical Model [38] , Health Belief Model [27] ) point out their overemphasis on the individual [45] in modeling behavior. Such criticisms have prompted a more recent focus on adopting social models of behavior change (e.g., Social Cognitive Theory [5] , Emergent Dialogue [45] ) to promote observational learning or collective behavior change through design. Yet, particularly for health interventions, even these theory-driven approaches to design do not necessarily cohere with user-centered approaches [4] ; moreover, research on the discovery and implementation of specific design decisions that incorporate elements and constructs of theoretical models is an open area.
Applying Behavioral Theory in Game Design
Content analysis of mobile apps for fitness and general health found that most apps did not contain much health theoretical content [10, 50] , and a review of fitness-focused console games found that concepts common in weight loss interventions were present in games but that no studies had yet tested the effects of these concepts in a game setting [33] . There is also a gap between evaluation of these outcomes and understanding of how best to incorporate them into the design of health games. For example, in the realm of exergames, Lieberman et al. [32] developed a model of mediating factors that should be considered in designimprovement of player self-concepts, self-efficacy, physical activity, and social support-which will enable the field to better evaluate the design of exergames and to improve their design and evaluation in the future. In parallel, Mueller and Isbister [35] developed principles for designing movement-based games and validated them with an audience of game designers. Themes from Lieberman's work appear in these design principles: for example, Mueller and Isbister propose giving players visualizations that support rhythmic movement, which connects to the concept of selfefficacy. However, these mediating factors have not been systematically linked to specific game features or design decisions.
This gap between game design and behavioral theory is mirrored in G4H design methodologies. Playmatics' fivepoint framework for health and science games emphasizes that, while scientists and game designers may be working on the same team, they have separate areas of expertise [49] . However, uniting game and health expertise is not a trivial task, as the limited replication of health-theoretical content in games suggests. Schell Games' Transformational Framework [11] for game design supports this process by providing workshops and discussion activities that help stakeholders collaborate; however, this framework is a broad approach to transformational games and does not focus specifically on health.
Game Mechanics and Features
Research is also limited on how to best design health games that incorporate established game mechanics, and experts in the field agree that more attention must be paid to such features in order to create successful games [6] . First, games must be engaging in order to encourage the play that moves the player toward the desired health and learning outcomes [31] ; understanding successful game mechanics is important to this effort. Moreover, different game mechanics can encourage-or discourage-desired health outcomes in different ways (e.g., encouraging or limiting physical movement), and understanding the relationship is vital [6] . Furthermore, many game mechanics, such as multiplayer mechanics, are simply not well understood in the context of health games, which means that areas of promise are often overlooked [17] .
However, we acknowledge that game mechanics are not the only types of features in games. For example, Bjork and Holopainen [9] include technical and social patterns in addition to game mechanical patterns in their taxonomy of game design patterns. While we expect to find game mechanics included in our experts' perspectives on game features in G4H, we do not expect expert discussion of features to be limited solely to mechanics. Game art, game narrative, and the context of play are other potential sources for features in G4H.
mental notion of exercise [2] , while other games are much more punitive about obesity [46] . Health games can also embody points of view about how health behavior change works, by incorporating elements of health and behavior change frameworks [20] . In Values at Play, Flanagan and Nissenbaum propose a conscious, reflective process for identifying the values that one wants to express in a game. These values can relate to health behaviors, to how the game treats users, or both. For example, the health game Lit2Quit addressed tobacco smoking; however, its stance is that the game should support players' pre-existing desire to quit, rather than attempt to convince them to quit [26] . This stance comes from value commitments on the part of the game designers, such as respecting the autonomy of smokers who better understand their own life circumstances; these values are in turn reflected in specific design decisions, such as helping reduce the urge to smoke in a process initiated by the player. A value-reflective process like this is especially important when the stakeholders involved in a game's creation come from different backgrounds, as is often the case in G4H, and understanding how these different stakeholders identify and interpret features and values is crucial to expressing them in games in more effective ways.
METHODS
We began our work by examining the current landscape of health games and aggregating these games into a G4H corpus. This helped us develop a deeper understanding of existing health games in both research and commercial settings, and provided a database from which to select games for use in our expert study sessions. We chose to create a corpus despite the existence of some G4H databases [47], as no current aggregation of health games followed our criteria (described below) or was fully exhaustive regarding games or game details.
Health Games Corpus
Our G4H corpus consists of 320 health games curated from a variety of sources, including previous publications, prior research databases [47] , and Google, Android app store, and Apple app store searches (keywords: "games for health"; "games for health management"; "disease management games"). The corpus contains listings for each game with details (e.g., developer, platform(s), genre, health condition) and associated research where applicable. Health games fit our criteria and could be added to the corpus if they focused on disease prevention, health promotion, and/or disease management. We aimed to adhere to the designers' original intent: only games that promoted themselves as games were included, and applications with only minor "gamification" were excluded. Games designed for training medical professionals were also excluded. To assist with classification, games were required to have a core loop [43] , or elements of feedback in which player actions affect the game and vice versa.
We selected 16 games from our corpus for use in all expert study sessions (see Table 1 ). We chose a random subset of playable games and evaluated them with replacement until we had a diverse, representative sample of the larger corpus that balanced research-based and commercial games, as well as game platforms. Selected games were either currently playable or had gameplay video accessible to our research team. For each, we constructed explanatory game cards for our study (with titles, sample images, and brief instructions for play).
Study Procedure
With IRB approval, we conducted individual study sessions with 18 expert participants (7M, 11F): game design experts (n=7), behavioral health experts (n=5), and health game experts (n=6 
Design for Health DIS 2017, June 10-14, 2017, Edinburgh, UK
We recruited by word of mouth and snowball sampling, and conducted study sessions both in-person (for local participants) and remotely via Skype. All in-person participants gave informed consent and all remote participants signed waivers of consent, as approved by the IRB. Study materials for in-person sessions consisted of physical game cards, while remote sessions used digital "cards" in Google Slides (Phases I and II) [18] and OptimalSort (Phase III) [36] . All sessions were audio-and video-recorded and lasted approximately one hour. We provided a $25 Amazon gift card to each participant for completing the study. Study sessions consisted of three phases: an exploratory phase in which experts described an unknown game aloud based on images, a triading phase in which they compared groups of three games
, and an open-ended card sort in which they categorized 15 games. These three phases, chosen to gather expert feedback in multiple ways-both structured and openended-are described in more detail below.
Phase I: Exploration
Participants first viewed images from a health game (ReMission 2: Nanobot's Revenge) and were asked what information they would need in order to understand the game; we used a think-aloud protocol to elicit-from the participant's perspective-what they understood from the photos, what information they would have liked to see, and what questions they would ask to understand the game to the best of their ability.
Phase II: Triading
In the second phase of the study, we conducted (with each participant) 15 rounds of triading [23] , a technique borrowed from repertory grid technique (RGT), which aims to elicit domain-relevant constructs and the relationships between them [3] . We used the remaining 15 health games from our corpus in this phase; one game per card.
For each round of triading, participants viewed games in randomized triads of three cards at a time. For each of the first five rounds, we asked participants to decide which two games were most similar and which one was different, and then explain why. The following ten rounds included the addition of a concept card: in these rounds, participants again viewed randomized triads of games, this time presented alongside a randomized concept card (see Table 2 for a complete list of concepts). We asked experts to again identify which two game cards were similar and which one was different, but this time to compare the games according to the presented concept.
Phase III: Open Card Sort
In the final phase, participants conducted an open-ended card sort of all 15 health games from the triading phase. We asked each participant to sort the games however they thought best: giving no further instructions or limits on how many groupings should be created or what kind. When the card sort was complete, participants explained their sorting rationale to the researcher.
Data analysis
We analyzed quantitative triading and open-card-sort data through descriptive statistics and similarity matrices [1] to determine common game pairings. After transcribing spoken responses from participants verbatim, three researchers conducted an iterative, inductive thematic analysis [15] of triad comparison round results, using a constant comparative approach [22] . Multiple concepts were coded within each round. Through discussion among the research team, we used these concepts to derive seven higher-level themes.
FINDINGS & DISCUSSION
From 270 rounds of triading, we found 76 concepts mentioned a total of 761 times by experts (see Table 3 for a full list). These 76 concepts fell into seven higher-level themes, as follows: player characteristics, aspects of the player outside of their experiences with the game; health model, how the health subject matter is modeled, represented, and understood in and through the design; game world, fictional and experiential aspects of the game such as art and narrative; game mechanics, game rules and related features such as level design; player behavior, which includes physical and mental player activity in and around the game; context, or the way gameplay interacts with the real world; and outcomes, how players or the world around them are changed by their play experience.
In this section, we first examine the ways themes were understood differently by expert groups, beginning with a short overview before delving into specific results. We also offer further comparisons between expert groups, including
Concept Explanation

Audience
Who this game is for
Behavior change How players changed their behavior because of play
Context of use
When and how this game would be played
Core loop
How player actions influence the game, and how the game in turn influences player actions
Game challenges
Obstacles or difficult elements in the game
Game goals
In-game goals and objectives
Health motivation
Why players want to improve their health or change their health behavior
Outcome evaluation
How we know whether the intervention was successful or not
Play strategies
Strategies the player can use to be successful in this game
Preparation
What prior preparation the player needs for this health change Design for Health DIS 2017, June 10-14, 2017, Edinburgh, UK comparisons by triading concept and by game. We end with implications of our work for design and for future research.
Game Design Experts
While game design experts did reference health concepts, they were unsurprisingly sensitive to the game aspects of G4H, tending to use language that referenced other games rather than other health experiences. They also frequently considered the player as a person with autonomy and experiences, rather than focusing solely on their health condition. Finally, game experts based their discussion of the relationship between game and health content on the integration of game mechanics and health behavior. We discuss these differences in more depth below.
Game aspects of G4H
Game design experts were most likely to conduct triading game comparisons based on game features. Especially in the open-ended triading rounds, game design experts emphasized game-related themes and concepts. Experts compared games based on narrative ("storydriven" (P10)), game goals ("changing things and seeing how they play out" (P14)), mechanics ("firing" vs. "navigation" (P10)), characters ("implied avatars" vs. "obvious avatars" (P14)), and aesthetic ("similar in art style and tone" (P17)), among others. In these examples and many more, game experts compared the health games at hand but applied game "dialect" and referenced other games rather than health experiences when doing so. Despite ongoing debates in the field about the relative importance of mechanical and aesthetic elements in games, game design experts used both game-mechanical and game-world features to make these comparisons.
Despite this focus on G4H game aspects, game design experts did consider the player's health goal (a player characteristic) and the health condition represented by the game (part of the health model For these game experts, such game-health integration was a frequent measure of comparison between games, and they saw a lack of such integration as an indicator that a game might be less effective as an intervention.
Behavioral Health Experts
Overall, behavioral health experts were most likely to reference concepts within the high-level theme of health model. Like game experts, behavioral health experts were also concerned with player characteristics, especially autonomy, but of a different kind: they focused on player autonomy in relation to one's own health and in relation to one's preparedness to take action and change behavior. These experts also differentiated "fun" in games as distinct from learning, monitoring, or other productive health activities. Finally, their understanding of the relationship between game and health content frames game mechanics as a representation of the health model and content, rather than two equally high-level concepts.
Player Autonomy in Relation to their Own Health
Much of this expert group's discussion of health concepts was based around player autonomy in relation to their health. Behavioral health experts most commonly compared game trios based on features of health goals, health condition, and health subject matter, but they did so in the context of outcomes, noting whether and how behavior change stages and preparedness for action were considered in the design. P11 compared multiple triads in these ways, ex- In Phase I of the study, behavioral health experts also tended to focus on how a player's real-world health could be affected by gameplay. P12 believed that Nanobot's Revenge's goal was to teach players how chemotherapy works and how it might affect them, while P15 was curious to learn more about the curriculum content of the game and how closely it hewed to reality, worrying that an actual simulation of chemotherapy might be disturbingly bleak. Interestingly, although many participants talked about the Nanobot's Revenge general audience, only one participant (P11) wondered if there was a more specific target audience than just "children with cancer. . Health experts used game design terms such as "mechanics" to describe this similarity, but treated the health concept as a baseline model, which game mechanics can represent with varying degrees of fidelity and accuracy.
G4H Experts
G4H experts commonly discussed context and interaction during gameplay, considering when and how a game would be played and noting multiplayer mode and community as critical differentiators between games. G4H experts also frequently spoke about outcomes and objectives in both the game and in a player's health behavior. Finally, this expert group framed the relationship between game and health concepts as one in which game mechanics produce health outcomes.
Context and Interaction
While G4H experts, like behavioral health experts, were most likely to make triading comparisons based on health goal and health condition, G4H experts were much more focused on the context of use surrounding a game. P16 dif- experts, a discussion of the health games at hand was not complete without this focused discussion of the surrounding context.
Moreover, this notion of context was often framed more specifically in terms of social context by G4H experts. Interestingly, this was the only group to mention the social interaction within Nanobot's Revenge in Phase I. P1 asked whether or not clinicians get data from the game to help improve their interactions with a patient, and many G4H experts wondered if players are able to share game status and achievements through social media as a way for others to know how they are doing; for instance, "the fact that she'
s at level five lets me know, 'Oh she must have had a chemo day today so she's probably feeling sick and I should reach out,'…[game results could allow her to share this information] without her having to type, 'I'm sick'" (P1).
In the triading comparisons, G4H experts also distinguished Squire's Quest II as a multi-player game and noted that Mindless Eating Challenge has both a multi-player and community component. P5 felt that Mindless Eating Challenge also requires that the player "be judged by peers" and have "a willing audience." While behavioral health experts discussed social relationships as outcomes of a game, G4H experts saw social interactions as something that happens during gameplay and is closely connected to the game context and the experience of the game itself [48] .
Outcomes and Objectives
G4H experts in our study also discussed goals and outcomes both inside and outside the game. This group saw objectives as something that is inherent in the game rather than produced by the player, with P5 noting that " G4H experts also noted the possibility of negative game outcomes having a potential negative or demotivating effect on the player's real-world health, and they were the only expert group in Phase I to touch on possible concerns of the game for the target audience. P1 saw the game as an empowerment tool for children undergoing chemotherapy; however, she noted the importance of making sure the game wasn't too hard so that it didn't have this demotivating effect on the player. P5 echoed this concern, calling Nanobot's Revenge "a bit of a touchy game" given the content and audience. This concern for the physical and emotional health of the player, based on game mechanics and difficulty, demonstrates a critical understanding of the game, the player, and the powerful connection between them.
Game Mechanics Produce Health Outcomes
When discussing game mechanics and the health model together, G4H experts framed the relationship as one in which game mechanics produce health outcomes. To better understand similarities and differences between game, health, and G4H experts, we next more closely examine their responses to the ten assigned triading concepts. , and a health expert felt similarly that Dex is supposed to be played by logging data a little bit every day (P13). For these assigned concepts, the variance in responses further accentuate group differences, yet similarities offer promise for interdisciplinary understanding and communication.
Comparisons by Game
Finally, we examine discussion and comparison by game, both amongst and across expert groups. This is important for multiple reasons. First, there are real differences between the games in our study and we want to clarify the particular themes each game may have been more likely to elicit. Most importantly, though, since we are ultimately motivated by a desire to define and identify game features in ways that are useful to a range of stakeholders, it is crucial that we aim to understand individual games. This does not detract from the importance of comparing themes and features between expert groups; rather, it allows us an additional, more focused view of the games that our experts were comparing, and which instantiate the concepts explored to date. This again serves to demonstrate a presumed dichotomy between games that are clearly serious and "useful" and other games that are not. These sorts of comments illustrate the challenges of subtly integrating serious content into games, and the tension between fun and education in creating and integrating serious health games.
We can also examine game trends by studying similarities and differences in how games were grouped together by participants from all three expert groups. During the open card sort, Fix Frank, Bubble Rubble, and Escape from Diab were grouped together by every participant in the health expert group, for instance, while each was grouped with the others far less frequently by both game and G4H experts.
Within the health group, however, the three games were paired together for a variety of reasons: they were grouped as educational, diabetes-related, and as examples of game mechanics as disease model. It is interesting to note that while health experts fully agreed on the similarity of these games, they defined that similarity in very different ways; this clarifies the need to improve the understanding of game features to allow for easier communication within stakeholder groups as well as between them.
G4H: Beyond the Sum of its Parts
There are many implications of our work for the design and development of future G4H. First, an understanding of the perspectives of these different stakeholder groups can help us to improve interdisciplinary communication. We hypothesize that many G4H do not successfully embody health behavior change theory, as the literature shows, because game and/or G4H stakeholders are making many hands-on design decisions without the health perspective in mind. By improving conversations among collaborators during the design process, we can improve the design of G4H. For example, G4H-specific workshops could be constructed for existing design tools such as the Schell Games framework [11] , but deliberately structured with our seven themes in mind to shape interdisciplinary communication.
Second, this work exposes the concepts and norms underlying G4H expertise, as distinct from the individual disciplines of game design and health behavior change. The themes and responses of the G4H expert group in our study were not simply the sum of the themes and responses of game design and behavioral health experts; for example, G4H experts were the only expert group to mention number of players or game complexity as themes. Now, for each stakeholder group, we have a list of concepts that they are likely to use in framing G4H-and also a list of concepts that they are likely to omit in their framing. We can create design "prompts" based not just on our high-level themes, but on specific concepts-for example, remembering players' prior experiences (commonly observed by only game designers), paying attention to their readiness to change behavior (only health experts), and considering the social context (only G4H). These prompts could be used during the G4H design process, to define research studies, and in G4H education, to encourage inclusivity of framings and features.
Finally, we hope that the lessons learned from our initial corpus creation and the foundational understanding of interdisciplinary G4H themes that we have gathered from our expert participants can help the field move towards computationally detecting and mining features of G4H and creating future data-driven G4H corpora. While computation will be key to this process, understanding stakeholder perspectives is a crucial first step to developing game corpora for use by G4H designers and researchers: G4H is such an interdisciplinary field that any attempt at a computational model must incorporate the viewpoints and expertise of a variety of groups, in order to most effectively identify G4H game features and provide the most value to future stakeholders. Our work offers a foundation for this process; future work will leverage this foundational interdisciplinary understanding by applying the identified G4H themes to new health games as we move towards computational creation of game corpora.
CONCLUSION
Our work provides a formative understanding of the similarities and differences in how game design, behavioral health, and G4H experts articulate G4H themes and features: an understanding that is central to improving the design and development of games for health. The need for improved communication and collaboration between stakeholder groups has been established, and our work elucidates the differing values and framings that experts and expert groups hold and provides a foundation for improving the G4H collaborative process. We aim to use our research to improve interdisciplinary communication, to formalize our understanding of the relationships between game design and health behavior change frameworks, and ultimately to move towards computationally detecting and mining features for encoding G4H corpora. Synthesizing expert perspectives gives us a more comprehensive and foundational understanding of G4H themes and features, and we can leverage this multidisciplinary expert knowledge to improve G4H design and research going forward.
